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By Peter Paul Vaughn 2

Abstract: A new genus of Permian amphibians, Lasalia,

is based on the new species L. cutlerensis. The holotype of the
species is a remarkably frog-like vertebra found in the undif-

ferentiated Cutler sediments of Lisbon Valley, south of the town
of La Sal in southeastern Utah; another vertebra from the same
locality is referred to the species. The associated fauna indicates

a Lower Permian ( Wolfcampian ) horizon. The vertebrae are

amphicoelus, but they are not notochordal— this is noteworthy
for an early Permian amphibian. In the holotypic vertebra there

are long, hollow transverse processes that arise from the pedicels

of the neural arch; there is an indication that the ribs also had
capitular attachments. Lasalia is compared with other Paleozoic

vertebrates including the lepospondyls, with the Triassic Proto-

batrachus, with the Jurassic Notobatmchus, and with the living

amphibians. Close resemblances are found only among the

salientians. The ways in which Lasalia differs from the known
salientians— costal capitular attachment, relatively larger cen-

trum, other, minor points— are such as could easily have been
mitigated in the interval of time under consideration. It is not

claimed, but only suggested, that Lasalia is related to the

Salientia. If it is so related, a re-evaluation of the antiquity of

the vertebral structure of those living frogs generally considered

to be the most primitive may be required. Knowledge of

Lasalia does not offer much assistance in the search for the

ancestors of the Salientia. It is pointed out that the amphibians

were a highly diverse group even as early as the Permian.

INTRODUCTION
In the course of a long-range study of the vertebrates of the Permian

Cutler Group of the Four Corners region, several large pieces of rock that

contain many scattered bones were taken from a conglomerate in the undif-

ferentiated Cutler sediments of Lisbon Valley, about twelve miles south-

southeast of the town of La Sal, San Juan County, Utah. The Cutler beds in

this area are exposed along the southwestern flank of a salt anticline (see

Elston, Shoemaker and Landis, 1962). Random splitting and acid-etching of

the blocks of matrix in the laboratory disclosed many more bones; among
them are two small vertebrae quite unlike any others described from the

Permian. Further preparation and study of these vertebrae have revealed

their remarkably frog-like nature. Although it is not possible at this time

definitely to identify any other bones from the same site as pertaining to

the same species, it would seem to be more than worthwhile to describe and

discuss these vertebrae now, especially in view of the fact that the only pre-

vious notice of any pre-Triassic creature in any way really like frogs is the

description, by Griffiths (1963), of a trackway from the Lower Permian

Ecca beds of South Africa,
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A NEWGENUSAND SPECIES OF AMPHIBIANS

Because of the evident importance of this heretofore unknown kind of

Permian vertebra, it seems desirable to establish a new species, for which a

new genus must be set up. The two vertebrae are so obviously unique among

Permian specimens that it seems unlikely that there would be any difficulty

in the correct referral of future finds to the species. It seems that a new
family should be established for the reception of this animal, but a formal

diagnosis of this family is best postponed until such time as its fossil record

becomes better known.

Class AMPHIBIA

Subclass and order uncertain

LASALIDAE, new family

This family is based on the new genus Lasalia, described below.

Lasaliq, new genus

Type species —Lasalia cutlerensis

,

new species.

Diagnosis— (The diagnosis pertains to vertebrae presumably in the an-

terior part of the column; a description of possible serial changes within

the column may be found in succeeding sections.) The length of the centrum

of the vertebra is not much greater than the width of the centrum. The
centrum is amphicoelus but not notochordal; its center is composed of can-

cellous bone. The surface of the centrum is pitted by small, irregularly

spaced, longitudinally oriented foramina. A gently rounded ridge on the

anterior half of the lateral surface of the centrum fades into the general

surface of the centrum posteriorly; the anterior part of this ridge is carried

away laterally from the general surface of the centrum by a fairly promi-

nent buttress; a round, shallow pit occurs on the lateral surface of this ridge

near its anterior end. There is no neurocentral suture, at least not in the

adult. The neural canal is elliptical in cross-section, wider than high. The
neural arch and spine are of moderate height; the spine is prolonged pos-

teriorly as a median process lying between the postzygapophyses; this proc-

ess and the postzygapophyses terminate posteriorly on about the same trans-

verse plane. The neural spine also projects forward slightly beyond its base.

Long, hollow transverse processes, circular in cross-section and of somewhat
greater diameter distally than proximally, arise from the bases of the pedi-

cels of the neural arch and extend laterally and somewhat posteriorly. The
base of the transverse process is separated from the buttress on the side of

the centrum by a short groove that faces anteriorly and somewhat laterally.
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Lasalia cutlerensis , new species

Figure 1

Holotype —UCLAVP 1670, a single vertebra. 3 This vertebra is nearly

complete, but the prezygapophyses and a portion of the anterior part of the

centrum are lacking due to the initial exposure of this specimen by means

of a random cut through the matrix with a diamond saw. The vertebra

is very fragile and, after the photograph (Fig. 1) was taken, further prepa-

ration broke the vertebra in such a way that the distal half of the left

transverse process and parts of the left postzygapophysis and posterior por-

tion of the neural spine lie in one piece of matrix while the rest of the verte-

bra lies in another piece. In addition, the anteroventral lip of the centrum is

separated from the other parts— due to the initial cut with the saw.

Horizon and locality— The holotype, the referred specimen, and asso-

ciated specimens were collected on July 25, 1964, by a field party under

my supervision. The locality is in Lisbon Valley, in SE14 SE1
/* SEx

/4 sec. 20,

T. 30 S., R. 25 E., San Juan County, Utah. The site of collection is in the

Cutler sediments, about 200 feet above their contact with the underlying

Hermosa Formation as these units are bounded in the U. S. Geological Sur-

vey map of the Mount Peale 4 NWQuadrangle (see Weir, Puffett and

Dodson, 1961). The specimens were collected from a dull red conglomerate

about 25 cm. thick composed of very fine-grained sandstone pebbles, mostly

in the size range from 0.5 to 2 cm., embedded in a matrix of medium-

sized quartz grains covered with iron oxide, the whole held together by a

calcareous cement; there are also scattered flakes of mica. The bones and

fragments of bones occur among the quartz grains, between the pebbles.

The total aspect of the conglomerate suggests a stream-channel deposit. The

excellent preservation of such objects as a thin maxillary bone of a small

pelycosaur, without any signs of wear, indicates the primary nature of the

deposit. The associated fauna, which will be described below, indicates a

Lower Permian (Wolfcampian) horizon, probably equivalent to the Hal-

gaito Shale of the differentiated part of the Cutler Group in the vicinity of

Monument Valley (see Baars, 1962; Vaughn, 1962).

Referred specimen— UCLA VP 1673, a vertebra broken obliquely

through the centrum and neural arch. This vertebra comes from the same

locality as the holotype, and although it differs from the holotype in minor

ways to be noted below, its general similarity and especially its lack of a

continuous notochordal canal justify reference to Lasalia cutlerensis.

3The abbreviation “UCLA VP” stands for University of California, Los Angeles,

Vertebrate Paleontology.
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Figure 1. The vertebra UCLAVP 1670, holotype of Lasalia cutlerensis, new genus,

new species. The vertebra is seen in anterior view at a magnification of approxi-

mately seven times. Due to the initial exposure of the vertebra by means of a cut

with a diamond saw, the anterior end of the centrum is not seen, but the cancellous

bone of the center of the centrum is clearly visible. The right transverse process

is bent backwards, and details of its structure cannot be as easily made out as can
those of the left process.

Diagnosis—At this time the specific is the same as the generic diag-

nosis. Further characterization of the species may be gained from the meas-

urements and more detailed description given in the following section.

Description— Some further description of the holotype, beyond the

general features from which the generic diagnosis was drawn, is in order

here. Due to damage in exposure of the specimen, the length of the centrum

cannot be stated with great accuracy, but it must have been about 4 to 5

mm. The greatest width across the centrum, in a line that takes in the but-

tresses of the anterior ends of the lateral ridges, is about 4.3 mm. Posterior

to the ridges, the width is only about 3 mm. The ventral surface of the

centrum is flattened in its central area; this flattened part forms an obtuse

angle with the lateral surface of the centrum on either side. The antero-

ventral lip of the centrum that was separated from the rest of the vertebra

by the saw cut is concave above; this demonstrates the concave nature of

the anterior end of the centrum. The concavity of the posterior end of the

centrum was revealed by grinding with a small abrasive tool. In the can-

cellous bone of the center of the centrum, there is no continuous canal that

would indicate that the notochord was continuous. The width of the neural

canal is 1.8 mm. The median posteriorwards projection of the neural spine

acts as a prolonged roof for the neural canal; this projection is separated

from the postzygapophyses by rounded notches. The postzygapophysis of

at least the left side (details on the right side are not visible) seems to
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have had a concave hind border. The left transverse process (again, details

on the right side are obscure) is 3.6 mm. long. The diameter of the distal

end of the process is about 1.5 mm.; near its proximal end, the process is

somewhat flattened and has a height of only about 1 mm. The circular

opening at the distal end of the process faces mostly laterally but also

slightly ventrally. On at least the left transverse process there is a ridge

along the anterior border. I suspect that the small, round pit near the

anterior end of the lateral surface of the ridge that runs along the side

of the centrum served as the facet for the capitulum of the rib. If there was
a bony costal capitulum in L. cutler ensis, the rib must have been unusual

in appearance, with its tuberculum widely separated from the capitulum.

Possibly the capitulum was represented only by cartilage or by a liga-

mentous attachment to the facet on the centrum. In any event, if the facet

does represent a capitular attachment, this would indicate that there was
no intercentrum. The groove that separates the base of the transverse proc-

ess from the lateral ridge on the centrum probably carried the spinal nerve.

The referred vertebra, UCLA VP 1673, is broken obliquely through

the centrum and neural arch, but details of the center of the centrum, the

neural canal, the transverse processes, and the dorsal surfaces of the post-

zygapophyses are clear. As in the holotype, there is no continuous noto-

chordal canal; the center of the centrum is composed of cancellous bone. It

is also clear that the front of the centrum is concave, but the difficulty in

preparation of this fragile specimen makes it impossible to describe the

nature of the posterior end of the centrum. The length of the centrum

cannot be stated, but its width seems to be the same as the width behind

the lateral ridges in the centrum of the holotype, about 3 mm. Details are

not clear, but there seems to be no sign of ridges along the sides of the

centrum— this would be a difference from the holotype. The transverse

processes come off the vertebra at a sharper angle than in the holotype;

they are directed posteriorly at an angle of about 45 degrees. The transverse

processes are shorter than in the holotype, only about 2.3 mm. long, and

they are only 1 mm. in diameter at their distal ends. As in the holotype,

the transverse processes arise from the bases of the pedicels of the neural

arch, are hollow, are somewhat flattened dorsoventrally at their proximal

ends and circular in cross-section in their distal parts, and each bears a

ridge along its anterior border. A notable difference from the holotype is

that in the referred specimen the posterior borders of the postzygapophyses

meet in a centrally placed, rounded notch; there is no posteriorwards pro-

longation of the neural spine between the postzygapophyses. The posterior

borders of the postzygapophyses are perhaps slightly concave, but not as

markedly as was observed in one of the postzygapophyses of the holotype.

The lesser length and diameter of the transverse processes make it seem

that the referred specimen is from a position in the vertebral column pos-

terior to the serial position of the holotype. If there really were no lateral
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ridges on the centrum of the referred specimen, this would indicate that

the more posterior ribs lacked capitula. Unfortunately, there is no way of

knowing whether or not the two vertebrae are from the same individual

animal; they were not close to one another in the matrix.

There are other small bones in the collection from the same rocks—

finely sculptured bits of dermal bone, tiny, simply shaped limb elements,

and so on—that may possibly pertain to Lasalia cutlerensis, but this is

unsure. It may be hoped that future field work will uncover an articulated

specimen. This seems to be unlikely in the conglomerate itself, but it may
be possible to find such a specimen in sandstones associated with the con-

glomerate, and I certainly intend to continue the search.

ASSOCIATEDFAUNA
From the same rocks from which the holo type and the referred specimen

of Lasalia cutlerensis were taken were also collected: teeth of pleuracanth

sharks, parts of palaeoniscoid fishes, crossopterygian scales, a vertebra of

the lepospondylous amphibian Diplocaulus sp., a nasal bone referable to

the rhachitomous labyrinthodont amphibian Eryops sp., a neural spine of

an edaphosaurian pelycosaur, and bones of another kind of pelycosaurian

reptile, probably an eothyridid. Besides these elements there are, of course,

many unidentified bones and parts of bones.

The pleuracanth teeth are like those of Xenacanthus texensis Cope from

the Wichita Group of northcentral Texas, quite unlike those of X. platyp-

ternus (Cope) from the higher Clear Fork Group of Texas (see Hotton,

1952). Teeth of Xenacanthus aff. X. texensis have also been reported from

the Halgaito Shale of the Cutler Group in the region of Monument Valley

(Vaughn, 1962). The palaeoniscoid scales are of several different kinds;

some resemble the scales of Progyrolepis tricessimilaris Dunkle from the

Wichita Group of Texas; similar scales have been reported from the Hal-

gaito Shale (Vaughn, 1962). Many small, conical teeth with distinct

enamel caps have also been recovered from the conglomerate; presumably

these also pertain to palaeoniscoids. The crossopterygian scales are like

those of Ectosteorhachis nitidus Cope from the Wichita Group of Texas;

E. nitidus is not found in the overlying Clear Fork Group. Ectosteorhachis

aff. E. nitidus has been reported from the Halgaito Shale (Vaughn, 1962).

Neither pleuracanth nor crossopterygian remains have been found in the

higher Organ Rock Shale of the Cutler Group, and of the few palaeonis-

coid scales known from the Organ Rock, none resemble those in Progyro-

lepis (Vaughn, 1964).

The vertebra referable to the lepospondylous amphibian Diplocaulus

sp. (UCLA VP 1674) consists of the complete centrum 3.5 mm. long and a

part of the neural arch. Diplocaulus is known from rocks as old as late

Pennsylvanian and is found in both the Wichita and Clear Fork Groups of

Texas, but this is the first report of Diplocaulus from the region of the

Four Corners.
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The nasal bone referable to Eryops sp., UCLA VP 1668, fits exactly

the description of the nasal bone of E. megacephalus Cope given by Sawin

(1941). The nasal bone from Lisbon Valley is only about three-quarters as

large as that in the specimen of E. megacephalus figured by Sawin; Sawin’s

specimen is from the upper part of the Wichita Group of Texas. Small

vertebral parts referred to Eryops sp. have been reported from the Halgaito

Shale (Vaughn, 1962).

UCLAVP 1669 is a small pelycosaurian maxillary bone, of about 50

mm. length, with a dentition very much like that of the eothyridid Bald-

winonus trux Romer and Price. B. trux is known from El Cobre Canyon
in nothern New Mexico, from beds that are probably of Wolfcampian

horizon (see Vaughn, 1963a), but in view of the fact that the only known
specimen of B. trux has a maxillary bone of about three times the length of

UCLAVP 1669, it would seem unwise to use this comparison for estimation

of horizon. The collection from Lisbon Valley also includes a fragment of

a scapulocoracoid that has the general aspect of this element as it is known
in ophiacodont pelycosaurs— to which group the eothyridids apparently

belong— and other pelycosaurian elements in the collection may pertain to

the Lisbon Valley Peothyridid too. Because there seems to be a good chance

that more parts of this small pelycosaur will be found in future field work,

a description of the maxillary bone is postponed.

The edaphosaurian neural spine, UCLA VP 1667, is quite similar in

structure and size to those of the small Edaphosaurus novomexicanus Willis-

ton and Case known from the Cutler beds of northern New Mexico. These

New Mexican beds are generally considered to be equivalent to the lower

parts of the Wichita beds of Texas (Langston, 1953; Romer, 1960; Vaughn,

1963a).

In sum, the evidence points to equivalence of the type locality of

Lasalia cutlerensis to some horizon in the lower part of the Wichita Group

of Texas, and also to probable equivalence to the Halgaito Shale of the

Cutler Group in the vicinity of Monument Valley. The lower part of the

Wichita Group is of Wolfcampian (Lower Permian) horizon (see Dunbar,

et al., 1960), and the same is probably true of the Halgaito Shale (Vaughn,

1962, 1964). Unless contradictory evidence presents itself, it would seem

that Lasalia cutlerensis lived in early Permian times.

Mention may be made of another fossiliferous level in the Cutler sedi-

ments of the same general area of Lisbon Valley. From a cross-bedded sand-

stone in SW*/4 NEV4 NW14sec. 34, T. 30 S., R. 25 E., my field party recov-

ered, among other items, a maxillary and other bones, UCLAVP 1671, of a

fairly large sphenacodontid pelycosaur and a complete tibia, UCLA VP
1672, apparently also of a sphenacodontid. This locality is about 1200 feet

above the Hermosa Formation. Preliminary study of these materials shows

similarity to specimens from the Organ Rock Shale of the Cutler Group in

Monument Valley. In Monument Valley, the divisions of the Cutler Group
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are, in ascending order, Halgaito Shale, Cedar Mesa Sandstone, Organ Rock

Shale, and De Chelly Sandstone (see Baars, 1962). If one calculates the aver-

age thicknesses of these formations from the data given by Baker (1936),

then it may be seen that the level of the type locality of Lasalia cutlerensis

falls easily within the boundaries of the Halgaito Shale and the level of the

large sphenacodontid maxillary bone falls easily within the boundaries of

the Organ Rock Shale. This is, admittedly, a naive approach to stratigraphy,

but, taken along with the faunal evidence to date, it does suggest that it

may soon be possible to correlate beds of the undifferentiated Cutler sedi-

ments of Lisbon Valley with those of the differentiated Cutler Group of

Monument Valley.

COMPARISONWITH OTHERFORMS

The vertebrae of Lasalia cutlerensis must be compared, first of all,

with vertebrae of other Paleozoic forms. Although completely ossified,

imperforate centra are not unknown among Paleozoic fishes— they occur

in an Upper Devonian lungfish (Jarvik, 1955)— I know of no Paleozoic

fish whose vertebrae even remotely resemble those of L. cutlerensis. The
absence of a notochordal canal and the unitary construction of the centrum

would seem to rule out any close connection with the labyrinthodont am-

phibians of the Paleozoic. The lack of a notochordal canal also makes it

seem highly improbable that we are dealing with any sort of reptile; as

Romer (1956:223) has pointed out, “a notochordal type of centrum was

. . . present in all cotylosaurs and was unquestionably characteristic of ances-

tral reptiles . . .
.” The above comparisons are drawn on basic structure; nor

is there any resemblance of the vertebrae of L. cutlerensis to any of these

groups in details of structure.

Next to be considered are those late Paleozoic amphibians usually

banded together as the Lepospondyli; these are the Aistopoda, Nectridia,

Lysorophia, and Microsauria. It may be noted that various authors have

argued for reptilian relationships for the Microsauria; the literature is too

complicated to go into here, and the matter is not really germane to the

present discussion. Lasalia cutlerensis is similar to the lepospondyls in the

unitary construction of the centrum. Williams (1959) has given reason to

believe that the lepospondylous centrum, like the centrum in living gym-

nophionans, urodeles and anurans, is intersegmental in position and there-

fore equivalent to the pleurocentrum— the dominant central element in

amniotes. If I am correct in my interpretation of the pit on the lateral

ridge of the centrum in L. cutlerensis as a capitular facet, then it seems quite

likely that the centrum in L. cutlerensis was also intersegmental, and this

would heighten the similarity to the lepospondyls. With this, the similarity

ends. As far as I know, the centrum is notochordal in all lepospondyls,

and an examination of details of structure reveals further differences. In the
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aistopods and nectridians, the transverse process is given off near the center

of the centrum, rather than from the pedicel of the neural arch as in

Lasalia. Further, in the aistopods the transverse processes are relatively short;

and although nectridian processes may be long, there is usually a doubling

of the process so that distally there are two articular facets, one above the

other— much as in urodeles. Nectridians are also distinguished by the great

anteroposterior elongation of their neural spines. In the lysorophians the

neural arch occurs, even in adults, in two lateral halves, and although

the transverse processes arise from the pedicels of the neural arch, they are

much shorter than those in Lasalia. Elongate transverse processes of the kind

seen in L. cutlerensis are not known among the microsaurs; indeed, micro-

saurian vertebrae often look much like those of captorhinomorph cotylosaurs.

The neurocentral suture in the vertebrae of microsaurs and lysorophians

has also been pointed out, from time to time, as a feature that distinguishes

these animals from other lepospondyls and the living amphibians, but this

seems to be unreliable; Gregory, Peabody and Price (1956) found the value

of this feature to be overridden by other structural relationships, and Wil-

liams (1959) has noted that neurocentral sutures normally occur even in

young Liopelma hochstetteri, a living frog.

Parsons and Williams (1962, 1963) have presented an impressive list of

characters held in common by the orders of living amphibians— the Gym-
nophiona, Urodela, and Anura. Chief among these in terms of potential

usefulness to the paleontologist is the common possession of pedicellate

teeth, teeth in which two distinct portions, a pedicel and a crown, are both

truly parts of the tooth and are both composed primarily of dentine. These

authors use these resemblances to show that all the modern amphibians are

closely related, in contradistinction to various theories of polyphyletic ori-

gins discussed in their papers, and they revive Gadow’s name Lissamphibia

to include the three modern orders. After consideration of earlier theories

on the origins of the modern amphibians, and after a search for the

“protolissamphibian” among the various groups of Paleozoic vertebrates,

including the lepospondyls, Parsons and Williams conclude (1963:48) that

“it is impossible, on the basis of our present knowledge, to put forward

even a tentative theory on which group of Paleozoic amphibians are to be

considered ancestral to the Recent orders,”

There is no fossil record of gymnophionans. The earliest undoubted

record of urodeles is in the Upper Jurassic (Hecht and Estes, 1960). Re-

cently, I described some tiny vertebrae found in a coprolite from the Lower
Permian of New Mexico; the caudal vertebra that I figured has a large

haemal arch and, as I pointed out, is very similar to caudal vertebrae in

living urodeles (Vaughn, X963b)— the dorsal vertebrae in the same copro-

lite, by the way, are not at all like the vertebrae of Lasalia cutlerensis.

Kuhn (1964) has designated this caudal vertebra as the holotype of Vaughn-

iella urodeloides, a name that expresses his opinion that this animal may



1965 Lower Permian Frog-like Vertebrae 11

actually represent a Permian forerunner of the urodeles. I am inclined to

disagree with Kuhn’s interpretation of the central element as the inter-

centrum, but possibly he is correct in his phylogenetic assignment. If so, it

would seem that the lissamphibians were separated from other amphibians

much earlier than has been generally thought, and this would be consonant

with the studies by Parsons and Williams. If lissamphibians really were a

distinct group as early as the Permian, the lack of a better early record may
be due simply to the probably lesser frequency with which very small non-

marine vertebrates were preserved, and if preserved, the lesser frequency

with which they are discovered. The earliest usually accepted record of

salientians is in the Lower Triassic, in the form of the unique specimen of

Protobatrachus massinoti Piveteau from Madagascar. Protobatrachus shows

a mixture of primitive amphibian and advanced anuran features; as many
as sixteen presacral vertebrae were retained and the caudal vertebrae were

not fused into a urostyle, but the characteristically compound frontoparietal

bone of anurans was present. Hecht (1962) questions the relationship of

Protobatrachus to the anurans, largely on the basis of an alternative inter-

pretation of the homologies of the enlarged tarsal bones, and he suggests

the possibility, but does not insist, that the frog-like features of Proto-

batrachus are of independent, convergent origin. Griffiths (1963:275),

however, feels that “the phylogenetic relationship of Protobatrachus to

the Anura is established.” Griffiths has also examined the question of the

ontogenetic stage of the specimen of P. massinoti and (1963:277) con-

cludes, “The present thesis ... is that the Salientia evolved in water and
that when they finally emerged on land they were already pre-adapted

for jumping. If this view is correct the functional paradoxes . . . are re-

solved and Protobatrachus may be interpreted, with equal validity, either

as an adult or a late metamorphic stage.” Protobatrachus is usually classi-

fied under Proanura. Hecht (1963) says that the earliest known true frog

—that is, a member of the Anura—comes from the Lower Jurassic of Ar-

gentina and that the major frog adaptations were completed by the Middle

Jurassic. With regard to the possible pre-Triassic record of frogs, it must

be noted that Gregory’s (1950) reinterpretation of the skull roof in the

Pennsylvanian Amphibamus = Miobatrachus casts serious doubt on Watson’s

(1940) thesis that the frogs were derived from among such temnospondylous

labyrinthodont amphibians, although Griffiths (1963) feels there is still

much merit in this thesis. I have already mentioned the trackway from

the Lower Permian Ecca beds of South Africa described by Griffiths (1963),

who interprets these prints as made by fore limbs alone while the hind

limbs were supported by water, and who is inclined to ascribe the trackway

to a proanuran, If Griffiths is correct in this, it is further evidence that

the lissamphibians were separated from other amphibians at least as long

ago as the early Permian.
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There is no resemblance between the vertebrae of Lasalia cutlerensis

and the vertebrae of gymnophionans; among other things, there are no

elongated transverse processes in the gymnophionans. As for the urodeles,

their vertebrae are nectridian-like in the placement of the transverse proc-

esses midway along the centrum and in that the transverse process usually

is doubled and bears two articular facets. It is only among the salientians

that vertebrae closely similar to those of L. cutlerensis are found.

The sole specimen of Protobatrachus massinoti consists of a mould in

a nodule that has been separated into slab and counterslab. The restoration

given by Piveteau (1937:fig. 2) of the first, three vertebrae shows that the

second and third may have been like the holotype of L. cutlerensis, but

details are lacking, and there are some dissimilarities. For one difference,

the transverse process is longer in Lasalia, and in this way Lasalia is more
like true frogs. A more basic difference lies in the fact that the ribs in

Protobatrachus, as in true frogs, are single-headed whereas, as I have noted,

a facet on the centrum of the holotype of L. cutlerensis indicates that the

ribs in Lasalia were equipped not only with tubercula but also with at least

vestiges of capitula. If Lasalia and Protobatrachus are related, the indica-

tions are that the salientians lost the capitulum altogether sometime in the

interval between early Permian and early Triassic. Such a loss would be in

keeping with the general tendency to reduction of ribs in the Salientia;

among living frogs, according to Noble (1931:233), “No ribs appear as

distinct ossifications . . . higher than the Pipidae, although bits of cartilage

are frequently found on the ends of the diapophyses.” Goodrich (1930:

80-81) says “The reduced single-headed rib of Anura is attached to a

‘transverse process/ apparently a lateral outgrowth of the neural arch, but

passing below the vertebral artery. It is doubtful, however, whether the

vertebral artery in the various groups [of living amphibiansl is strictly ho-

mologous and constant in position . . . ,
and the evidence does not allow us to

decide whether the process represents a parapophysis which has shifted

dorsally, or a true diapophysis.” If it is true that Lasalia is related to the

Anura, it would seem that the anuran transverse process is truly a diapo-

physis. In Anura, the centrum is variously ossified. Griffiths (1963) uses

the terms ectochordal, stegochordal, and holochordal. In the ontogeny of

ectochordal centra, the entire perichordal sheath is chondrified and then

ossified; the result is an ossified cylinder with a notochordal canal. In

stegochordal centra, ossification is limited to the dorsal part of the peri-

chordal sheath. In holochordal centra, the notochord is completely replaced

by osteoid tissue; the result is a solid centrum. The Liopelmidae, gen-

erally acknowledged as the most primitive family of living frogs, have an

ectochordal centrum, and Griffiths says (1963:260) that
“

Protobatrachus

. . . shows conclusively that primitive salientian vertebrae consisted of a

chain of bony, spool-shaped centra, pierced by a persistent notochord

The centrum in Lasalia may be described as holochordal, and the possession
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by this Permian animal of this supposedly advanced kind of centrum would

seem to argue against relationship of Lasalia to the Salientia. However, the

matter is not entirely clear. Hecht (1962:41) says only that in the specimen

of P. massinoti, “The vertebral impressions are well separated by large inter-

vertebral pieces of matrix. Some of these pieces of matrix, which have re-

placed the non-ossified intervertebral elements, bear conical anterior or

posterior projections, perhaps an indication that the notochord was con-

tinuous or nearly so.” These pieces of matrix may be seen in the enlarged

photographs presented by Piveteau (1937:pl. 1, fig. 4; pi. 2, fig. 1); they

certainly do not conclusively demonstrate a continuous notochordal canal.

It is obvious that the centra in Protobatrachus were amphicoelus, as in

Lasalia, and it is possible that they were not notochordal, again as in Lasalia.

In his study of the almost completely known upper Middle Jurassic or

lower Upper Jurassic frog Notobatrachus degiustoi from Argentina, Reig

(1957) describes the vertebrae as amphicoelus but not notochordal, and

Hecht (1963) notes that a re-examination of the materials indicates that the

centra are procoelus, that is, that the intervertebral elements became joined

to the posterior ends of the centra. This tends to cast further doubt on

the generally accepted theory that primitive salientians are necessarily char-

acterized by a continuous notochord. Reig’s illustration of a vertebra of

N. degiustoi in anterior view (1957:fig. 7) shows it to be fairly similar to

the holotypic vertebra of Lasalia cutler ensis, but there are differences. In

N. degiustoi, the centrum is narrower, the neural canal is larger, the neural

spine is higher, the transverse processes are as long but are not expanded

at their distal ends and do not bear articular cups, and of course there are

no capitular facets. It must be noted that the figured vertebra of N. degiustoi

was taken from the “lumbar” region; farther anteriorly, on the second

through fifth vertebrae, the places of the distal portions of the transverse

processes are occupied by well developed ribs. Indeed, Reig believes that

the transverse processes of the posterior vertebrae were formed partly

through the fusion of primitive ribs to the vertebrae. This implies another

dissimilarity to L. cutler ensis, the holotypic vertebra of which must now be

compared with the more anterior vertebrae in Notobatrachus. At this level

of the column, one difference is removed in that the transverse processes

in Notobatrachus bear articular cups at their distal ends, but these proc-

esses are much shorter than those in Lasalia. It is, of course, quite possible

that Notobatrachus, despite its early age, already represents one of many
lines of anuran radiation; Hecht (1963:20) says, “N otobatrachus represents

a generalized form with certain primitive features but which does not

clearly align itself with any of the generally considered primitive living

frogs, such as Liopelma, Ascaphus, or the discoglossids.”

Remarkably, the closest resemblances to the vertebrae of Lasalia cutler-

ensis are found among living frogs. Because of the vast interval in time

between the Permian and the Recent, it would be unreasonable to look
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for signs of affinity with any specific family of living frogs, and the

comparison will be made in general terms although a few specific forms

will be singled out for details of similarity. The differences must be listed

first. None of the living frogs, of course, have capitular facets on their

centra; indeed, ribs are virtually absent in all except the primitive groups—

this matter has received comment above. In even holochordal forms, the

ossification of the centrum may be less complete than in Lasalia

;

in Rana,

for example, much of the osteoid tissue of the center of the centrum is

finely woven, spongy, rather than composed of firm trabeculae of cancel-

lous bone such as are seen in Lasalia cutlerensis. The varieties of articular

surfaces at the ends of the centra will not be considered; the differences

result from the differential fate of the intervertebral bodies (see Griffiths,

1963), and great variation must have occurred in these surfaces throughout

the evolution of the frogs. In general, the centrum in living frogs is rela-

tively smaller, and the neural canal is relatively larger, than in Lasalia.

With this, the differences end, and the features in Lasalia are matched in

one or another of the living frogs. The surface of the centrum is relatively

smooth in most frogs but in, say, Scaphiopus there may be seen irregular

pitting not much different from what is seen in Lasalia. In Scaphiopus

and other living frogs may also be seen a posteriorwards prolongation of

the neural spine similar to the condition in the holotypic vertebra of

L. cutlerensis. In the vertebra that is referred to L. cutlerensis , this poster-

iorwards prolongation is lacking, but it will be remembered that this re-

ferred vertebra has transverse processes of lesser length and diameter than

the holotype and it also seems to lack facets for costal capitula; this seems

to indicate derivation from a more posterior position in the vertebral col-

umn. This suggests an analogy to the condition in, say, Rana, in which the

posteriorwards projection is strongly developed in the anterior part of the

column but becomes much less pronounced in the posterior vertebrae. The
neural spines in Rana are lower but in, for example, Ceratophrys they

are as high as in Lasalia. In some living frogs the transverse processes are

shorter than in Lasalia, and in others they are longer. Although the trans-

verse processes are longer in such a frog as Rana catesbiana, they are very

similar to the processes in L. cutlerensis, especially if one considers the fourth

vertebra in R. catesbiana. The similarity extends even to the presence of a

ridge along the anterior border of the process. The processes in R. catesbiana

are hollow like those in L. cutlerensis except that in R. catesbiana the

distal ends are plugged with calcified tissue; another minor difference is

that the distal ends of the processes are somewhat flattened dorsoventrally

in R. catesbiana.

The differences noted make it clear that the vertebrae in Lasalia

cutlerensis are far from exactly similar to those of any living frog, but the

resemblances are strikingly close, and the dissimilarities are such as could
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reasonably be expected to have been mitigated in the interval of time

under consideration. It is far from my intention to claim that Lasalia was

a salientian or even a forerunner of the salientians, but I do stress that

the vertebrae of L. cutler ensis are remarkably like those seen in salientians,

and I do suggest the possibility of a phylogenetic connection. Should fu-

ture finds support this suggestion, we may need to revise our opinion as

to the degree of antiquity of various skeletal characteristics of those living

frogs generally considered to be the most primitive, for example, the

Liopelmidae. That these frogs are generally acknowledged as very gen-

eralized is undoubtedly justified, but it may become necessary to inquire

into the possibility of origin through secondary simplification of features

such as ectochordal centra. As Ritland has summed it up in his study of

the liopelmid Ascaphus (1955:279-280), “Although frequently stated to be

the most primitive anuran, in reality Ascaphus is not primitive. Few frogs

or toads are more highly specialized for life in a unique but uniform

habitat . . . Ascaphus together with Leiopelma unquestionably possesses

many generalized features, especially in those systems which function pri-

marily in locomotion and support . . . Nevertheless, they are unmistakably

anurans, with the majority of the typical anuran specializations.”

ORIGINS

Even if we were to assume that the Permian Lasalia represents the

forerunners of the salientians, we should be very little nearer to an under-

standing of the ultimate origins of this group; we are left with the theories

already current. Watson (1940) suggested that temnospondylous labyrin-

thodont amphibians like the Pennsylvanian Amphibamus are the most likely

ancestors of the salientians and, notwithstanding Gregory’s (1950) rein-

terpretation of the elements of the posterior skull table in Amphibamus,

some authors (Eaton, 1959; Griffiths, 1963) still feel that the sources of the

Salientia are to be found among such temnospondyls. They may be right,

but Williams (1959) has noted that the pleurocentral nature of the frog

centrum suggests that if the salientians really are related to the labyrintho-

dont amphibians, the affinities are more likely with the anthracosaurs than

with the temnospondyls. No anthracosaur yet known seems a likely candi-

date for such relationship, but Panchen (1959) has demonstrated that some

of the amphibians assigned to the Temnospondyli, namely, the plagiosaurs,

actually have a pleurocentral, rather than a basically intercentral, centrum.

The plagiosaurs are mainly a Triassic group as far as known, but Panchen

has described an Upper Permian member. This is not to suggest that the

plagiosaurs had anything to do with the salientians, but it does show that

the pleurocentral centrum occurred in more Permian amphibians than we
have thought, and this may eventually come to have some bearing on the
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origins of the Salientia. Meanwhile, I must subscribe to the opinion of Par-

sons and Williams (1963) that we cannot, with any confidence, point to any

known group of Paleozoic amphibians as ancestral to the Recent orders.

If Lasalia and Vaughniella (mentioned in the preceding section) really

are related to the lissamphibians of modern times, the term “Amphibia”

includes a staggering array of different structural types even as early as the

Permian. It would include not only the lissamphibians but also: the lepo-

spondyls, a highly varied and probably, taxonomically, artificial assemblage;

the labyrinthodont amphibians, comprising temnospondyls, plagiosaurs,

anthracosaurs and perhaps also the plesiopodans (see Eaton, 1960); the sey-

mouriamorphs, classified sometimes as labyrinthodonts, sometimes as co-

tylosaurian reptiles; seymouriamorph-diadectid intermediates such as

Tseajaia (see Vaughn, 1964); and, according to Romer’s re-evaluation

(1964), Diadectes, an animal formerly classified with the cotylosaurian

reptiles. Relationship of the labyrinthodonts, seymouriamorphs and diadec-

tids seems to be adequately documented, but this is not sufficient reason

to deny the existence of an amnion in all these forms; an amnion may well

have been present in the more reptile-like members, particularly the diadec-

tids. Further, this large group has not been clearly shown to be related to

the lepospondyls, and the lissamphibians would seem to comprise still an-

other entity. The term “Amphibia” is useful in a generally descriptive sense,

but in the sense of designation of discrete phylogenetic units, it may prove

to have about the same value as the term “Pisces.”
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